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(54) An apparatus and method for making transmission characteristics uniform in a wavelength 
division multiplexing optical communications system 



(57) In setting pre-emphasis at the transmitting end, 
each optical signal outputted from a laser diode and an 
amplified spontaneous emission noise outputted from 
an ASE output unit are multiplexed at a coupler, and the 
output power of the amplified spontaneous emission 
noise, at that time, is changed by an attenuator. In this 
case, the difference between a reference value, which is 



the value of an OSNR corresponding to the target lower 
limit of a Q-value at the receiving end, and the value of 
a current OSNR is calculated as a margin. Then, the 
attenuator is controlled so that the margin of an OSNR 
becomes equal to the average of the margins for all opti- 
cal signals. 
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Description 

Background of the Invention 



5 Field of the Invention 

[0001] The present invention relates to a wavelength division multiplexing optical communications technology, and 
more particularly to a technique for making transmission characteristics uniform for transmitting all optical signals with 
the same transmission characteristics. 

10 

Description of the Related Art 

[0002] In a wavelength division multiplexing (WDM) optical communications system, transmitting all optical signals 
with the same transmission characteristics is referred to as optimization of transmission characteristics. In the wave- 
15 length division multiplexing optical communications system, as shown in Fig. 1, the deterioration of transmission char- 
acteristics occurs in a transmitter, a transmission line, and a receiver. Moreover, the deterioration conditions of 
transmission characteristics differ between optical signals. 

[0003] Furthermore, when operating a system, the deterioration conditions of transmission characteristics are dif- 
ferent between optical signals, due to various causes, such as the repair of an amplifier or a cable, which results from 
20 repairs conducted in a transmission section, and the deterioration of a fiber due to age. 

[0004] Therefore, pre-emphasis must always be set for each optical signal at the transmitting end, and transmission 
characteristics must always be optimized at the receiving end. Note that pre-emphasis refers to controlling the power of 
each optical signal. 

[0005] The difference in transmission characteristics between optical signals can be observed at the receiving end, 
25 as differences in an OSNR (Optical Signal to Noise Ratio), BER (Bit Error Rate), or Q-value. 

[0006] Fig. 2 shows in the prior art the relation between pre-emphasis and an OSNR after transmission. 
[0007] Making an OSNR uniform at the receiving end so as to optimize transmission characteristics is a well-known 
technique in the prior art. In this technique, the OSNR difference between optical signals, which is calculated by moni- 
toring the OSNR for each optical signal at the receiving end, is fed back to the transmitting end as a pre-emphasis value, 
30 thereby enabling pre-emphasis to be set at the transmitting end. Adjusting an OSNR by directly changing the output 
power of each optical signal is a general method for setting pre-emphasis. 

[0008] As a result, if a transmit light spectrum 1 , for which no pre-emphasis is set, is transmitted on a transmission 
line, the OSNR of a receive light spectrum 1 , which corresponds to the transmit light spectrum 1 , varies greatly. How- 
ever, if a transmit light spectrum 2, for which pre-emphasis is set, is transmitted on a transmission line, the variance of 
35 the OSNR of a receive light spectrum 2, which corresponds to the transmit light spectrum 2, is reduced. 

[0009] Fig. 3 shows the configuration of a transmitter of the prior art. Fig. 4 shows the configuration of a receiver of 
the prior art. 

[0010] First, operations of the transmitter, which has a configuration as shown in Fig. 3, are explained below. 
[0011] The transmitter has, for each wavelength, a laser diode driver (LD DRIVER) 1201, a laser diode (LD) 1202, 

40 an attenuator (ATT) 1203, a coupler (CPL) 1204, a post amplifier (POST AMP) 1205, and a photodiode (PD) 1 208. The 
laser diode driver 1201 drives the laser diode 1202, while adjusting the output power and wavelength corresponding to 
each optical signal. The optical signal outputted from the laser diode 1202 is inputted to the post amplifier 1205 via the 
attenuator 1203 and the coupler 1204, and the optical signal is amplified in the post amplifier 1205. The optical signals, 
each of which is outputted from the post amplifier 1205, are multiplexed by an arrayed waveguide grating (AWG) 1206, 

45 and the multiplexed optical signal is outputted to a transmission line via a coupler 1207. 

[0012] In the configuration shown in Fig. 3, the coupler 1204 branches part of each optical signal to the photodiode 
1208, resulting in part of the optical signal being detected by the photodiode 1208. The detection results are inputted 
to a CPU 1210. Meanwhile, part of the transmitted optical signal, which is outputted from the AWG 1206 to a transmis- 
sion line, is branched and inputted to an optical spectrum analyzer 1209 by the coupler 1207. The optical spectrum ana- 

50 lyzer 1209 monitors the peak power and wavelength of the transmitted optical signal, and notifies the CPU 1210 of the 
results. The CPU 1210 controls the laser diode driver 1201 and attenuator 1203 based on the output from the photodi- 
ode 1207 and optical spectrum analyzer 1209, for each optical signal. J 
[0013] Next, operations of the receiver, which has a configuration as shown in Fig. 4, are explained below. 
[0014] At the receiver, an optical signal received through a transmission line is inputted via a coupler 1301 to an 

55 AWG 1302, where the optical signal is demultiplexed into optical signals of various wavelengths. 

[0015] The receiver has, for each wavelength, a filter 1303 for separating an optical signal of a specific wavelength, 
an inline amplifier (INLINE AMP) 1304, a dispersion compensating fiber (DCF) 1305, an optical-electrical converter 
(O/E) 1306, a forward error corrector (F EC) 1307, and an electric-signal demultiplexer (DEMUX) 1308. 
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[0016] In the configuraron according to the prior art, as shown in Fig. 4, the coupler 1301 branches part of a 
received optical signal into an optical spectrum analyzer 1309. The optical spectrum analyzer 1309 measures the 
OSNR for each optical signal received, and notifies a CPU 1310 of the results. The CPU 1310 feeds back the OSNR 
differences between optical signals received, as a pre-emphasis value, to the transmitting end by using a prescribed 
5 communications line. 

[0017] However, in the transmitter, which has a configuration as shown in Fig. 3, the CPU 1210 receives the above- 
mentioned pre-emphasis value, and controls the laser diode driver 1201 for each optical signal, based on the pre- 
emphasis value. 

[0018] As stated above, the prior art is aware of an OSNR so as to optimize transmission characteristics, and 
w makes uniform only an OSNR used for all optical signals. Usually, the most important factor of the transmission char- 
acteristics in digital transmission is a transmission error rate. Therefore, it is important to make uniform a transmission 
error rate for all optical signals in the optimization of transmission characteristics. However, in the prior art, even if an 
OSNR is made uniform for all optical signals, the transmission error rate is not necessarily made uniform for all optical 
signals. 

15 [0019] Thus, with respect to a transmission error rate, the examples of which are a BER and a Q-value, the prior 
art has a problem, as shown in Fig. 5A, in that even if the OSNR is made uniform for optical signals 1 , 2 and 3, the trans- 
mission error rate does not become uniform because of the difference of Q-values of the optical signals. 
[0020] Furthermore, in the prior art, to set pre-emphasis at the transmitting end, the CPU 1210 directly changes the 
output power of the laser diode 1202 by controlling the laser diode driver 1201 , for each optical signal. However, this 

20 method has a problem in that the setting of pre-emphasis for each optical signal must be repeated, while maintaining 
the power balance of optical signals, because the peak power of the other optical signals simultaneously change, result- 
ing in the set value of pre-emphasis for each optical signal deviating from a proper value. 

Summary of the Invention 

25 

[0021] In view of the above background, the present invention aims at achieving real optimization of transmission 
characteristics, by making uniform a transmission error rate for all optical signals at the receiving end, based on the 
adjustment of an OSNR at the transmitting end. 

[0022] The present invention supposes an apparatus or method for making uniform transmission characteristics in 
30 the wavelength division multiplexing optical communications system. 

[0023] The apparatus according to a first aspect of the present invention has the following configuration. 

[0024] First, the relation between changes in a signal-to-noise ratio and changes in a transmission error rate at the 

receiving end is calculated for each optical signal to be wavelength-division-multiplexed. 

[0025] Next, based on the relation, the signal-to-noise ratio for each optical signal is changed so as to attain a uni- 

35 form transmission error rate for all optical signals at the receiving end. 

[0026] The apparatus according to a second aspect of the present invention has the following configuration. 
[0027] First, for each optical signal to be wavelength-division-multiplexed, the difference between a reference value, 
which is the value of a signal-to-noise ratio corresponding to the target lower limit of a transmission error rate at the 
receiving end, and the value of a current signal-to-noise ratio is calculated as a margin. 

40 [0028] Next, for each optical signal, a signal-to-noise ratio is controlled so that the margin of the signal-to-noise ratio 
becomes equal to a prescribed value which is obtained from the margins calculated for the optical signals. 
[0029] The apparatus according to a third aspect of the present invention has the following configuration. 
[0030] First, the initial value of a signal-to-noise ratio is stored for each optical signal to be wavelength-division-mul- 
tiplexed. 

45 [0031] Next, for each optical signal, an amplified spontaneous emission noise is superposed on the optical signal 
so as to gradually reduce the signal-to-noise ratio until a transmission error rate at the receiving end decreases to a tar- 
get lower limit. 

[0032] When the transmission error rate at the receiving end decreases to the target lower limit, the value of the 
corresponding signal-to-noise ratio is stored as a target lower limit, for each optical signal. 
so [0033] Subsequently, for each optical signal, the difference between the stored initial value and the stored target 
lower limit is calculated as a margin. 

[0034] Next, for each optical signal, the difference between a prescribed value which is obtained from the margins 
calculated for the optical signals, and the stored initial value is calculated as the pre-emphasis amount of the signal-to- 
noise ratio corresponding to the optical signal. 
55 [0035] Then, for each optical signal, the signal-to-noise ratio is controlled by superposing an amplified spontaneous 
emission noise corresponding to the pre-emphasis amount on the optical signal. 

[0036] Here, the above-mentioned superposition of the amplified spontaneous emission noise on the optical signal 
is conducted at the transmitting end. Alternatively, it is possible to provide the apparatus with a configuration in which 
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n is conducted at the receiving end. 
[0037] In the above-mentioned configuration of the invention, the prescribed value, which is obtained from the mar- 
gins for optical signals, can be the average of the margins for the optical signals. 

[0038] In the above-mentioned configuration of the invention, either a Q-value or a bit error rate can be used as a 
5 transmission error rate. 

[0039] According to the above-mentioned configurations of the invention, it is possible to achieve real optimization 
of transmission characteristics, because the relation between changes in a signal-to-noise ratio and changes in a trans- 
mission error rate at the receiving end is calculated for each optical signal so as to optimize transmission characteris- 
tics, and based on the calculation results, the signal-to-noise ratio for each optical signal is changed so as to make 
10 uniform a transmission error rate for all optical signals at the receiving end. 

Brief Description of Drawings 

[0040] From the accompanying drawings and the description of the preferred embodiments of the present inven- 
ts tion, the other objects or characteristics of the present invention can be easily understood by persons having ordinary 
skill in the art. 

Fig. 1 is a diagram showing the causes of deterioration in transmission characteristics; 
Fig. 2 shows the relation between pre-emphasis and a SNR after transmission in the prior art; 
20 Fig. 3 shows the configuration of a transmitter in the prior art; 

Fig. 4 shows the configuration of a receiver in the prior art; 

Fig. 5A shows the relation between a Q-value (transmission characteristics) and an OSNR in the prior art; 

Fig. 5B shows the relation between a Q-value (transmission characteristics) and an OSNR according to a preferred 

embodiment of the present invention; 
25 Fig. 6 shows the configuration of a transmitter according to a preferred embodiment of the present invention; 

Fig. 7 shows the configuration of a receiver according to a preferred embodiment of the present invention; 

Fig. 8 is a flowchart showing the operations according to a preferred embodiment of the present invention; 

Figs. 9A and 9B show the variable range of an OSNR at the transmitting end; 

Fig. 10 shows the pre-emphasis value of an optical signal at the transmitting end; 
30 Fig. 1 1 shows the setting of pre-emphasis for an optical signal at the transmitting end; 

Fig. 12 shows the configuration of a receiver according to another preferred embodiment of the present invention 

(the setting of pre-emphasis at the receiver); 

Fig. 13 shows the relation between an eye-pattern and a noise distribution; and 
Fig. 14 shows an error rate in the case of a variable discrimination level. 

35 

Description of the Preferred Embodiments 

[0041] With reference to the drawings, detailed explanations of each preferred embodiment of the present invention 
are given below. 

40 [0042] Figs. 6 and 7 show the configuration of a transmitter and a receiver, respectively, according to a preferred 
embodiment of the present invention. 

[0043] Fig. 6 shows a laser diode driver 101, a laser diode 102, a coupler 103. a post amplifier 107, an AWG 109, 
a photodiode 1 1 0, a coupler 111, and an optical spectrum analyzer 1 1 2, which have the same functions as the match- 
ing components of the prior art, 1201, 1202, 1204, 1205, 1206, 1208, 1207, and 1209. respectively, as shown in Fig. 3. 
45 [0044] Fig. 7 shows a coupler 201, an AWG 202, a filter 203, an inline amplifier 204. a dispersion compensating 
fiber 205, an optical-electrical converter 207, a forward error corrector 208, an electric-signal demultiplexer 209, and an 
optical spectrum analyzer 21 3, which have the same functions as the matching components of the prior art, 1301-1309, 
respectively, as shown in Fig. 4. 

[0045] It is clear, from Fig. 5B, that an ideal factor for transmission characteristics, such as a Q-value and a BER, 
so changes as an OSNR changes, for each optical signal. This preferred embodiment includes the following features, 
which are the characteristics of the present invention: the relation between changes in an OSNR and changes in a Q- 
value or BER at the receiving end is calculated based on the relation as shown in Fig. 5B, so as to optimize transmission 
characteristics for each optical signal; and based on the calculation results, the OSNR for each optical signal is changed 
so as to make uniform the Q-value or BER for all optical signals at the receiving end. 
55 [0046] More specifically, in this preferred embodiment, which has the configuration as shown in Figs. 6 and 7, the 
difference between a reference value, which is the value of an OSNR at the transmitting end that corresponds to the 
target lower limit of a Q-value or BER at the receiving end, and the value of a current OSNR at the transmitting end is 
calculated as a margin for each optical signal. Then, the average of the margins for all optical signals are calculated, 
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and pre-emphasis for the T5SNR at the transmitting end is set for each optical signal so that the margin of the OSNR for 
each optical signal equals the average value. Note that in this process for controlling the OSNR for each optical signal, 
the amount of change in a Q-value or BER at the receiving end, per unit amount of change in an OSNR at the transmit- 
ting end, is assumed to be approximately uniform. 

[0047] In the case of the measurement of a Q-value at the receiving end, part of each optical signal received, which 
is separated by the coupler 206 as shown in Fig. 7, is inputted to a Q monitor <Q MON) 210, and is measured there. 
[0048] In the case of the measurement of a BER at the receiving end, the output from the forward error corrector 
208, as shown in Fig. 7, is inputted to a BER measuring unit 21 1 , and is measured there. 

[0049] In setting pre-emphasis at the transmitting end, as shown in Fig. 6, the output from the laser diode 102 
assigned to each optical signal and an amplified spontaneous emission noise (ASE), outputted from an ASE output unit 
104, are multiplexed at a coupler 106, and the output power of the amplified spontaneous emission noise is changed 
by an attenuator 1 05. In this case, the multiplexed optical signal is amplified by the post amplifier 1 07, and then inputted 
to the AWG 109 via a narrow-band filter 108. Therefore, pre-emphasis can be set for all optical signals simultaneously, 
without losing the balance of power between the optical signals. 

[0050] An explanation of specific operations required for performing the above procedure is given below. 
[0051] First, the premise of the above function is explained. 

[0052] It is difficult to measure an OSNR at the stage following to the narrow-band filter 108, since the measure- 
ment point of an amplified spontaneous emission noise cannot be set easily. Therefore, the OSNR for each optical sig- 
nal is measured at the stage preceding the narrow-band filter 108. 

[0053] The power and wavelength of the output from the laser diode 102 is monitored by the photodiode 11o7l 
Based on the monitoring results, a CPU 113 corrects the set value of the above-mentioned output power and wave- 
length, by performing a feedback to the laser diode driver 101. The output power of the amplified spontaneous emission 
noise outputted from the ASE output unit 104 is maintained so it is constant by an APC (automatic power control), and 
the wavelength characteristics of the amplified spontaneous emission noise are flat. Then, the CPU 1 1 3 calculates and 
stores the initial value of an OSNR, E a1 , which is the ratio of the output power from the laser diode 1 02 that is detected 
by the photodiode 1 10 to the output power of an amplified spontaneous emission noise that is determined by the APC 
in the ASE output unit 104. In addition, the CPU 113 calculates the amount of change in an OSNR, as the amount of 
adjustment to be conducted by the attenuator 105. 

[0054] Fig. 8 is a flowchart showing operations for achieving the above-mentioned function according to the pre- 
ferred embodiment of the present invention, and Figs. 9A/B-1 1 are explanatory diagrams thereof. Note that the case in 
which a Q-value is monitored at the receiving end is assumed in the following explanations. 

[0055] First, as a CPU 21 2 of the receiver (Fig. 7) continuously monitors a Q-value for each optical signal via the Q 
monitor 210 (Fig. 7), the CPU 212 orders the transmitter to reduce an OSNR, by using a prescribed communications 
channel (step 301). 

[0056] When receiving the above order, the CPU 1 13 of the transmitter (Fig. 6) reduces the OSNR for each optical 
signal by directing the attenuator 105 to increase the amount of attenuation (step 302). 

[0057] The CPU 212 of the receiver determines, for each optical signal, whether the Q-value measured via the Q 
monitor 210 has decreased to the target lower limit (see Fig. 9B)(step 303). 

[0058] If NO is determined in step 303, the CPU 212 of the receiver repeats the operations in steps 301 and 302 
for each optical signal. 

[0059] As stated above, the OSNR is reduced for each optical signal by gradually increasing an amplified sponta- 
neous emission noise (ASE) to be superposed on the optical signal at the transmitting end, as shown in Fig. 9A, until 
the BER or Q-value at the receiving end decreases to the target lower limit, as shown in Fig. 9B. 
[0060] If YES is determined in step 303, the CPU 212 of the receiver orders the transmitter, by using the prescribed 
communications channel, to stop changing the OSNR, and restores the value of the OSNR to its initial value for each 
optical signal (step 304). 

[0061] In response, the CPU 1 13 of the transmitter executes a series of processes as follows (step 305). 
[0062] First, when receiving the above-mentioned order, the CPU 113 stops the OSNR changing at a current value 
E b1 for each optical signal, and calculates the amount of change in an OSNR, E^asa margin, according to the follow- 
ing equation: [Equation 1] 



[0063] Next, after completing the calculation of the margin of the OSNR for each optical signal according to Equa- 
tion 1 . the CPU 1 1 3 calculates an average E AVG of the margins for all optical signals according to the following equation: 



E i=|E a1 -E bl | 



e avg=(Ei + E 2 + " 



[Equation 2] 
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(n : the number of optical signals) 
[0064] Subsequently, for each optical signal, the CPU 113 calculates a pre-emphasis value AEj ~ AE n , as given by 
the following equations, which is the difference between the average Eavg» as calculated according to Equation 2, and 
the margin of the OSNR for each optical signal, as calculated according to Equation 1 (see Fig. 10): 

[Equation 3] 



10 AE X - E AVG - E al 

AE 2 = E AVG " E a2 

» • m 

AE n = E AVG - 

15 

[0065] The CPU 1 13 controls the OSNR for each optical signal so that the OSNR equals the average E AV g- by set- 
ting, for each optical signal, an amount of attenuation to be performed by the attenuator 105 that corresponds to the 
pre-emphasis amount AE<\ ~ AE n as calculated according to Equation 3 (see Fig. 11). 
20 [0066] Thereafter, the CPU 113 executes feedback control by monitoring the output from the optical spectrum ana- 
lyzer 1 12 (Fig. 6) so that the OSNR for each optical signal is exactly equal to E AVG (step 306). 

[0067] The above-mentioned operations can be executed any time during systems operation. Since the target 
lower limit of the Q-value for each optical signal is set at a level which enables each optical signal to be transmitted with- 
out difficulty, none of the signals is interrupted even if the above operations are executed during systems operation. 
25 Therefore, pre-emphasis can be set according to customer demand, thereby allowing various operation forms, in which 
the setting of pre-emphasis is conducted, for example, regularly once a year, after repairs in the case of a problem with 
the system, and so on. 

[0068] Fig. 12 shows the configuration of a receiver according to another preferred embodiment of the present 
invention. 

30 [0069] In this configuration, the control of an OSNR is executed not within a transmitter but within the receiver, since 
each function, corresponding to 104-106 and 108 of the transmitter according to the preferred embodiment as shown 
in Fig. 6, is located in the receiver as shown in Fig. 12. 

[0070] In this case, the OSNR for each optical signal is measured by the optical spectrum analyzer 213, to which 
the output from the coupler 201 is inputted, and the peak power of each optical signal is measured by a photodiode 702, 
35 to which the output from the coupler 701 is inputted. Based on the measured OSNR and peak power, the CPU 212 
determines the amount of attenuation required by the attenuator 1 05 (a pre-emphasis value), and adjusts the OSNR for 
each optical signal. 

[0071] The explanation of the operation principle of the Q monitor 210, as shown in Fig. 7 or 12, is given below. 
[0072] After converting an optical signal into an electric signal, the Q monitor 210 measures the distribution of a 
40 noise by changing the distinguished value of a signal at each of the mark side and the space side on a eye-pattern, and 
measures an error rate at each of the mark side and the space side. Then the Q monitor 210 approximates each of two 
error rate curves, obtained as a result of the measurement, to a line, and calculates a Q-value by obtaining the inter- 
section point of the two lines representing characteristics. 

[0073] The relation between the eye-pattern and noise distribution of a signal can be shown by a model as shown 
45 in Fig. 13, wherein: P^(X) and Po(X) is a noise probability distribution function at the mark side and space side, respec- 
tively; ji-j and u. 0 are the mean values of each probability distribution, and represent a signal level; and o-j and o 0 are 
the variances of each probability distribution, and represent the RMS value of a noise. 
[0074] Here, a Q-value is given by the following equations: 



Q= iMr^ol [Equation 4] 



Q dB = 20LOG 10 { / l ^ rM °' } 
55 dB (o 0 +o^y 



[0075] Next, the method for measuring u, 1p u 0 , oq, and is explained below. 
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or^retween the BER at the mark side, and Ui. 01 and Di (a d 



[0076] The correlatiorWetween the BER at the mark side, and u^, and (a discrimination level) is given by the 
following approximation equation: 

( ^ 1 G ^ l) = <|>" 1 (X) % 1.192 -0.6681X- 0.01 62X 2 [Equation 5] 

X = LOG 10 (BER) 
[0077] Likewise, the following equation is valid for the space side: 

(P ^ o) = ((>" 1 (X) = 1.192 - 0.6681X - 0.01 62X 2 [Equation 6] 



X = LOG 10 (BER) 

[0078] The values of BER 0 \ BERq 0 , BER^, BEFV, D 0 \ D 0 ", D^, and are obtained, after a BER is obtained at 
two points on each of the mark side and the space side by changing a discrimination level as shown in Fig. 14. From 
these obtained values, u^, p, 1( oq, and o-| can be calculated as shown by the following equation; 

[Equation 7] 



o, = 



m = 



Ho = 



(JP 77 = D() 

i+^lxf) - ♦- 1 (jr 1 // » 



(Z>0' 



AT) 



[0079] From these calculation results and Equation 4, a Q-value can be calculated. 
Claims 

1. An apparatus for making transmission characteristics uniform in a wavelength division multiplexing optical commu- 
nications system, comprising: 

relation calculating means (113) for calculating a relation between changes in a signai-to-noise ratio and 
changes in a transmission error rate at a receiving end, for each optical signal to be wavelength-division-mul- 
tiplexed; and 

signal-to-noise ratio changing means (113) for changing the signal-to-noise ratio for each optical signal so as 
to make the transmission error rate uniform at the receiving end for the optical signals, based on the relation. 

2. The apparatus according to claim 1 , wherein said transmission error rate is either a Q-value or bit error rate. 

3. A method for making transmission characteristics uniform in a wavelength division multiplexing optical communica- 
tions system, comprising the steps of: 

calculating a relation between changes in a signal-to-noise ratio and changes in a transmission error rate at a 



EP 1011 221 A2 

jacn^ptical signal to be wavelenqth-division-multiDlexed: anc 



receiving end, for eacTToptical signal to be wavelength-division-multiplexed; and 
changing the signal-to-noise ratio for each optical signal so as to make the transmission error rate uniform at 
the receiving end for the optical signals, based on the relation. 

5 4. The method according to claim 3, wherein 

said transmission error rate is either a Q-value or bit error rate. 

5. An apparatus for making transmission characteristics uniform in a wavelength division multiplexing optical commu- 
10 nications system, comprising: 

margin calculating means (113) for calculating a difference between a reference value and a value of a current 
signal-to-noise ratio as a margin for each optical signal to be wavelength-division-multiplexed, the reference 
value being a value of a signal-to-noise ratio corresponding to a target lower limit of a transmission error rate 
15 at a receiving end; and 

signal-to-noise ratio control means (113) for controlling the signal-to-noise ratio for each optical signal so as to 
keep the signal-to-noise ratio at a prescribed value which is determined by the margins calculated by the mar- 
gin calculating means for the optical signals. 

20 6. The apparatus according to claim 5, wherein 

said prescribed value which is determined by the margins calculated for the optical signals is an average of the 
margins calculated for the optical signals. 

25 7. The apparatus according to claim 5, wherein 

said transmission error rate is either a Q-value or bit error rate. 

8. A method for making transmission characteristics uniform in a wavelength division multiplexing optical communica- 
30 tions system, comprising the steps of: 

calculating a difference between a reference value and a value of a current signal-to-noise ratio as a margin for 
each optical signal to be wavelength-division-multiplexed, the reference value being a value of a signal-to- 
noise ratio corresponding to a target lower limit of a transmission error rate at a receiving end; and 
35 controlling the signal-to-noise ratio for each optical signal so as to keep the signal-to-noise ratio at a prescribed 

value which is determined by the margins calculated for the optical signals. 

9. The method according to claim 8, wherein 

40 said prescribed value which is determined by the margins calculated for the optical signals is an average of the 

margins calculated for the optical signals. 

10. The method according to claim 8, wherein 

45 said transmission error rate is either a Q-value or bit error rate. 

11. An apparatus for making transmission characteristics uniform in a wavelength division multiplexing optical commu- 
nications system, comprising: 

50 first storing means for storing an initial value of a signal-to-notse ratio for each optical signal to be wavelength- 

division-multiplexed; 

signal-to-noise ratio reducing means for gradually reducing the signal-to-noise ratio for each optical signal by 
superposing an amplified spontaneous emission noise on the optical signal until a transmission error rate at a 
receiving end decreases to a target lower limit; 
55 second storing means for storing a value of the signal-to-noise ratio at a time at which the transmission error 

rate at the receiving end decreases to the target lower limit, the value of the signal-to-noise ratio being stored 
as a target lower limit for each optical signal; 

margin calculating means for calculating an amount of a change from the initial value stored in the first storing 
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rgenower limit stored in the second storing means, the amoui 



means to the targenower limit stored in the second storing means, the amount of the change being calculated 
as a margin for each optical signal; 

pre-emphasis value calculating means for calculating a difference between a prescribed value which is deter- 
mined by the margins calculated by the margin calculating means for the optical signals and the initial value 
5 stored in the first storing means, the difference being calculated as a pre-emphasis value of the signal-to-noise 

ratio for each optical signal; and 

signal-to-noise ratio control means for controlling the signal-to-noise ratio for each optical signal by superpos- 
ing an amplified spontaneous emission noise corresponding to the pre-emphasis value on the optical signal. 

10 12. The apparatus according to claim 1 1 , wherein 

said superposition of the amplified spontaneous emission noise on the optical signal is conducted at a trans- 
mitting end. 

15 13. The apparatus according to claim 1 1 , wherein 

said superposition of the amplified spontaneous emission noise on the optical signal is conducted at the 
receiving end. 

20 14. The apparatus according to claim 1 1 , wherein 

said prescribed value which is determined by the margins calculated for the optical signals is an average of the 
margins calculated for the optical signals. 

25 15. The apparatus according to claim 1 1 , wherein 

said transmission error rate is either a Q-value or bit error rate. 

16. A method for making transmission characteristics uniform in a wavelength division multiplexing optical communica- 
30 tions system, comprising the steps of: 

storing an initial value of a signal-to-noise ratio for each optical signal to be wavelength-division-multiplexed; 
gradually reducing the signal-to-noise ratio for each optical signal by superposing an amplified spontaneous 
emission noise on the optical signal until a transmission error rate at a receiving end decreases to a target 
35 lower limit; 

storing a value of the signal-to-noise ratio at a time at which the transmission error rate at the receiving end 
decreases to the target lower limit, the value of the signal-to-noise ratio being stored as a target lower limit for 
each optical signal; 

calculating an amount of a change from the stored initial value to the stored target lower limit as a margin for 
40 each optical signal; 

calculating a difference between a prescribed value which is determined by the margins calculated for the opti- 
cal signals and the stored initial value, the difference being calculated as a pre-emphasis value of the signal- 
to-noise ratio for each optical signal; and 

controlling the signal-to-noise ratio for each optical signal by superposing an amplified spontaneous emission 
45 noise corresponding to the pre-emphasis value on the optical signal. 

17. The method according to claim 16, wherein 

said superposition of the amplified spontaneous emission noise on the optical signal is conducted at a trans- 
50 mitting end. 

18. The method according to claim 16, wherein 

said superposition of the amplified spontaneous emission noise on the optical signal is conducted at the 
55 receiving end. 

19. The method according to claim 16, wherein 
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said prescribed valuewnich is determined by the margins calculated for the optical signals is an average of the 
margins calculated for the optical signals. 

20. The method according to claim 16, wherein 

5 

said transmission error rate is either a Q-value or bit error rate. 
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